in group 2 which was higher than that found in group 1 control subjects (0 11 +0.08). The mitral regurgitation fraction (15 to 77 %) determined by the impedance method was closely correlated with the mitral regurgitation fraction (20 to 74%) obtained during cardiac catheterisation; it also increased during isometric handgrip and decreased during amyl nitrite inhalation. In three mitral regurgitation patients the transthoracic impedance cardiogram returned to normal configuration after surgical implantation of a prosthetic mitral valve. These data suggest that the transthoracic impedance cardiogram is quantitatively altered in patients with mitral regurgitation.
degree to which these changes relate to the severity of disease.
Methods
The impedance cardiogram was recorded in 23 control subjects (group 1) ranging in age from 15 to 55 years (mean 25 years). Twelve Three patients with mitral regurgitation had both preoperative and postoperative impedance cardiograms. Fig. 3 illustrates both the preoperative impedance cardiogram and the changes that occurred after the placement of a prosthetic mitral valve.
The severity of the mitral valvular regurgitation was assessed in group 2 subjects during cardiac catheterisation. Cardiac output was determined by the Fick method and the stroke volume calculated. Expired air was collected for three minutes in a Douglas bag and the percentage of oxygen measured using a Beckman oxygen analyser. The arteriovenous oxygen differences were measured using an Instrumentation Laboratory Co-oximeter. Left ventricular single plane cineangiograms in the right anterior oblique projection were performed during held deep inspiration within 15 minutes after the Fick cardiac output measurements.5 The cineangiographic left ventricular volumes (end-diastolic and end-systolic) were determined by the area-length method.6 7 The estimates of the true left ventricular volumes were obtained by correcting these angiographic volumes by using the unified regression formulae.8 For calculated end-diastolic volume greater than 110ml/m2 body surface area and/or ejection fraction less than 40 per cent, the unified formula was used. Mitral regurgitant fraction was calculated by dividing the difference between the angiographic left ventricular stroke volume and forward fixed stroke volume by the angiographic left ventricular stroke volume. [9] [10] [11] One way analysis of variance was used to examine the significance of group difference. The paired t test was used to determine the significance of changes during isometric exercise and amyl nitrite inhalation. Linear regression analysis was used to evaluate the correlation between the two methods. The estimates of reliability were obtained using an intraclass correlation coefficient.12
Results
The impedance cardiogram measurements in normal subjects and patients with mitral regurgitation are described in Table 1 . There were significant differences between the normal subjects and those with mitral regurgitation. The height of the "O" point (ohms s-1) and the area under dZ/dt/max (S) were different. The calculated mitral RFi (the ratio D/D+S) in group 2 (0-50 ±0-14) was greater than control (0 11 ±0 08). The RR intervals in both were similar. Thus, these data demonstrate consistent changes in the impedance cardiogram wave form in patients with mitral regurgitation. Fig. 4 shows the relation between the mitral RF1 and the catheterisation regurgitant fraction. In the 12 control subjects who underwent cardiac catheterisation, the average forward stroke volume (SVF) by Fick method was 65 ml while the average angiographic left ventricular stroke volume (SVA) was 59 ml. These stroke volumes were closely related (SVA=0.91 x SVF-1 79, r=0 90), indicating that these two methods correlate highly in our laboratory. Fig. 5A shows the quantitative effects of isometric handgrip exercise on the areas S and D and the mitral RF in 12 patients with mitral regurgitation. The area S did not change, but the area D increased significantly from 0 75 to 1-22 ohms. The mitral RF1 increased significantly from 0-47 to 0 57. The RR interval decreased from 920 to 700 milliseconds (p < 0 01) which is consistent with an increase in heart rate in response to isometric exercise. In contrast, the control subjects (Table 2 ) not show any significant impedance cardiogram changes. The intraclass correlation coefficient (RFi) estimates the correlation between repeated measurements made on the same subjects from different sets of recordings. The observed intraclass correlation coefficients of the impedance cardiogram measurements from beat to beat and between the average of three beats obtained from two different sets of recordings were all greater than 0-85. These data indicate a high degree of reproducibility. Fig. 3 illustrates the impedance cardiogram tracings in a patient with mitral regurgitation both before and after placement of a prosthetic mitral valve. There is a distinct decrease in the "O" point toward normal after mitral valve replacement. This decrease in the height of the "O" point was noted in all three patients (Table 3 ).
Discussion
The physical principles which govern changes in the impedance cardiogram are not completely understood. Kubicek and others using simultaneous recordings of the impedance cardiogram and aortic flow measurements in the dog demonstrated that the peak dZ/dt max is correlated to the peak aortic ejection rate. 13 We have described an impedance cardiogram wave form abnormality which is in-fluenced by aortic regurgitation and have shown that this abnormality is related to the clinical severity of the lesion.'4 The consistent changes in the impedance cardiogram with mitral regurgitation described herein show that the impedance cardiogram reflects changes caused by mitral regurgitation.
The expression (D + S) was used to incorporate both the regurgitant volume D and stroke volume S as the left ventricular stroke output. Thus the ratio D/D + S resembles the usual regurgitant fraction formula: regurgitant volume divided by left ventricular stroke volume. Multiple factors, including chest size and configuration, might be expected to affect the absolute values of the impedance cardiogram measurements. These factors, however, would be expected to affect both the systolic and 
